Horse flies (Diptera: Tabanidae) are hematophagous insects that cause direct and 21 indirect losses in livestock production and are important vectors of pathogens. The aim 22 the collected specimens. The environment was an important factor related to the 35 abundance of horse flies, as well as the mean temperature. The horse fly season in 36
of this study was to determine the diversity and seasonality of horse fly species at an 23 experimental farm in Tacuarembó and the diversity of species in different departments 24 of Uruguay. For 20 months, systematic collections were performed using Nzi and 25
Malaise traps in two different environments at the experimental farm. Temperature, 26 humidity and rainfall were recorded using a local climatological station. In addition, 27 nonsystematic collections were made at farms located in the departments of Paysandú, 28
Tacuarembó and Colonia. A total of 3,666 horse flies were collected, allowing the 29 identification of 16 species. Three species were recorded for the first time in Uruguay: 30
Dasybasis ornatissima (Brèthes), Dasybasis missionum (Macquart), and Tabanus aff. 31 platensis Brèthes. A species that had not been previously taxonomically described was 32 identified (Tabanus sp.1). In the systematic captures, the most abundant species were Introduction 42 Horse flies (Tabanidae) are hematophagous dipterans that cause direct losses to 43 livestock production due to irritation, stress, and blood loss in animals, mainly in cattle 44 and horses (Baldacchino et al. 2014) . A decrease in weight gains of 0.1 kg up to one 45 kilogram per day in cattle has been described due to the direct effect of horse flies (Foil 46 and Hogsette 1994; Baldacchino et al. 2014 ). Economic losses are directly related to the 47 number of horse flies present in the environment (Perich et al. 1986 ). In addition to the 48 losses caused by the direct effects of horse flies, they cause indirect losses due to their 49 role as a mechanical vector of numerous pathogens, including those causing bovine 50 leukosis, vesicular stomatitis, equine infectious anemia, swine fever, anthrax, tularemia, 51 various species of trypanosomes and Anaplasma marginale (Krinsky 1976; Foil 1989) . 52
These indirect losses may be even more important than the direct losses, but not all 53 members of the Tabanidae family have the same potential for transmitting disease 54 agents because their hematophagous behavior and anatomical characteristics, which 55 determine the amount of blood they can transport, varies (Magnarelli and Anderson 56 1980; Foil 1989; Scoles et al. 2008) . 57
Uruguay has a subtropical climate according to the Köppen classification, 58 presenting four marked seasons with a mean annual temperature of 17.29 °C and a mean 59 humidity of 76.03% (INIA 2019). It is included in the Pampa biome, along with the 60 state of Rio Grande do Sul (Brazil) and the province of Buenos Aires (Argentina). 61
The emergence of the first generation of horse flies during the year depends on 62 the latitude and the season (Chvála et al. 1972; Kruger and Krolow 2015) . Horse flies 63 are active mostly in warm seasons, when both the relative humidity and temperature are 64 high. Only females are hematophagous, and adult longevity varies from two to three 65 weeks (Baldacchino et al. 2014 ). Although the females need a blood meal every three or 66 four days, their hematophagous habits are painful, and animals try to remove them, 67 which may cause the interruption of feeding. This interruption causes females to seek 68 other animals to complete a meal (Hornok et al. 2008) ; they are able to fly several 69 kilometers, reaching speeds of five m/s, which highlights their potential as a mechanical 70 vector (Hornok et al. 2008) . 71
To study the diversity and abundance of horse fly species in different 72 environments, a wide variety of traps have been used (Thorsteinson et al. 1965; 73 Thompson 1969) . However, the Nzi trap was designed specifically to catch biting flies 74 (Mihok 2002 In Uruguay, 43 species belonging to 14 genera have been reported (Coscarón 88 and Martínez 2019); however, most of these captures were performed in the XIX and 89 XX centuries, so it is unknown whether this diversity of horse flies still exists in the 90 country. Additionally, there have been no studies in the country regarding the 91 abundance, ecology and seasonality of the Tabanidae family. 92
The objectives of this study were to evaluate the seasonality of the horse fly 93 species present at an experimental farm in Tacuarembó and the diversity of species in 94 different departments of Uruguay. with native forest and creeks, while the other two Nzi traps and one Malaise trap were 102 placed in "highland" habitat, which were clearer environments, near a cultivated 103 eucalyptus forest. All these traps remained active during the 20 months of the study. 104
According to a conventional climatological station located at the EFILM, the following 105 experimental parameters were recorded on a monthly basis: average maximum, average 106 minimum and average mean temperatures; average mean relative humidity and 107 accumulative rainfall. 108
In addition, nonsystematic collections were performed on farms located at the 109 departments of Paysandú, Tacuarembó and Colonia using traps and/or manually. These 110 captures were carried out with the aim of expanding the diversity of horse fly species 111 collected. A defined collection time pattern was not established, and the capture 112 methods varied, so these data were not considered for the analysis of seasonality and 113 abundance of the horse fly species. 114
Of the total number of horse flies captured, samples from one to 10 specimens of 115 each suspected species were prepared for taxonomic identification. 
Nonsystematic collections 132
To identify species in different areas of the country or species that might not be 133 captured by traps, sporadic samples were performed in the departments of Tacuarembó were performed manually and/or with Nzi traps. In the manual sampling, some horse 136 flies were caught while feeding on animals, while others were manually caught in the 137 environment. 138 139
Statistical analysis 140
To perform descriptive and inferential analyses, two databases were created in 141 Excel, one for the systematic captures and the other for the nonsystematic captures and 142 were then imported into STATA 2014 (Stata Corp 2015) after identifying any data 143
errors. 144
The datasets generated during and/or analyzed during the current study are 145 available at Miraballes et al (2019) . 146
Descriptive analysis 147
Descriptive analyses were performed based on the total number of individuals 148 captured by location, date, season, trap type, type of manual capture (environmental or 149 on animals) and species. 150
Inferential analysis 151
The influence of mean temperature (mt) and environment (lowland and 152 highland) on the abundance of horsefly species was tested using generalized linear 153 models (GLMs). The models were obtained by extraction of significant terms (p<0.05) 154 from the full model, which included all of the variables mt, maximum temperature, 155 minimum temperature, relative humidity, rainfall, and environment and their 156 interactions, as suggested by Crawley (2007). Each term was analyzed followed by 157 ANOVA and chi-square tests (Chi) to recalculate the deviation explained by the other 158
terms. 159
We tested the hypothesis that the mt in different environments alters the 160 abundance of Tabanidae using models with response variables that assume integer 161 values with regard to abundance. The explanatory variables that were used were mt and 162 environment without interaction terms. Figure 2 shows 210 the different seasonality of the three most prevalent species. It can be observed that D. 211 missionum showed a different behavior, presenting a peak during late spring and 212 autumn. 213 Fig. 2 . Seasonality of the 3 species most captured in the systematic collection: T. 215 campestris ( Fig. 2A) , T. aff. platensis (Fig. 2B ) and D. missionum (Fig. 2C) . The environment was a determining factor related to the number of horse flies 304 collected. The traps located in "lowland" habitats, with native forest and creeks, 305 captured 12 times more horse flies on average than the traps located in the "highland" 306 habitat. These findings would allow a more efficient use of traps as a measure to 307 mitigate horse fly attack on commercial farms through their use in environments with a 308 greater number of horse flies. In addition, grazing management patterns that preclude 309 the animals from grazing in the most infested paddocks during population peaks could 310 be established to prevent the hosts and parasites from being simultaneously present 311 However, Gorayeb (2000) found differences in the abundance and diversity of species 315 in different environments in Santa Barbara, Pará (Brazil), after performing captures in 316 two environments: near forest and in areas of clear fields (grassland). This author 317 captured 71.5% of the specimens in the environment near the forest and 28.5% in the 318 clear field environment. In addition, 23 of the 47 species were present in both 319 environments, while 14 were exclusively found in the environment near forest, and 9 320 were only found in the grassland environment. 321
Even when the first season of captures occurred during a dry summer and the 322 second during a rainy summer, a similar pattern in population peaks was observed. The variations in the prevalence and the species captured in different regions 333 denote the need to continue the collection of horse flies in different areas of the country. 334
As an example, in the department of Colonia, the most prevalent species found was P. Fig. 2A) , T. aff. platensis (Fig. 2B ) and D. missionum (Fig. 2C) . 452 
